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Effective Mass and Seesaw ZUCL

» Effective operator for Majorana neutrino mass
: : (H) (H)
> Only dimension-5 operator beyond SM + +
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» Seesaw Mechanisms
> Three possible mediators at tree level
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Effective Mass and Seesaw ZUCL

» Effective operator for Majorana neutrino mass
: : (H) (H)
> Only dimension-5 operator beyond SM + +
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» Radiative Generation via Loops
> Alternative to Seesaw, e.g. R-Parity Violating SUSY

(H)
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Heavy Sterile Neutrinos
Low Scale Singlet Seesaw Models

» Seesaw | mechanism with TeV scale heavy neutrinos
o Standard Seesaw with small Yukawa couplings Y, ~ 106 /My /TeV

> “Bent” Seesaw | mechanisms (e.g. Inverse Seesaw)

Decouple Apny from
- 101y — 102 ]
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Heavy Sterile Neutrinos
Low Scale Singlet Seesaw Models

» Seesaw | mechanism with TeV scale heavy neutrinos
o Standard Seesaw with small Yukawa couplings

Y, ~ 1076,/My /TeV

> “Bent” Seesaw | mechanisms (e.g. Inverse Seesaw)

- Decouple Ajny from 10%F
heavy neutrino mass . SN
- Example 102b- V) =100 (A
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0 M u 2o s S LRSS 0 SS——
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Extended Gauge Sectors
Additional U()

» Production at LHC via Z' portal

» Ability to measure small couplings via
displaced vertices

» Charged LFV through heavy portal

> N can only decay through heavy-light
suppressed coupling 8 =Y,,(H)/my
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Extended Gauge Sectors
Left-Right Symmetric Models

» Extension of the Standard Model

SU(3) X SU2), X SU(2)r X U(1) g,

s

=R

» Production of heavy neutrinos withc?auge
coupling strengths via right-handed charged

current
(Keung, Senjanovic ‘83)

» Complementarity to Ovvg and
charged LFV

d d
R v+A"LLL - R K V+A -

W, VA - -
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> Up

1 2 3 4 5
Das, FFD, Kittel, Valle
PRD 86 (2012) 055006 My, (TeV)
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Extended Gauge Sectors
Left-Right Symmetric Models

»

Extension of the Standard Model

SU(3) X SU2), X SU(2)r X U(1) g,

Production of heavy neutrinos withc?auge
coupling strengths via right-hande

current
(Keung, Senjanovic ‘83)

Complementarity to Ovvg and
charged LFV

2.8c hint for excess at CMS

> Not compatible with minimal
LR symmetry gr = g1,

> Only one 1 out of 14 potential
signal events is LNV

> Only ee, no uu
> No clear discrete excess in mj,, = m§

No excess at ATLAS
- Search only for SS leptons

charged

o

University College London

s
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FFD, Gonzalo, Patra, Sahu,
Sarkar, PRD 90 (2014) 5,
053014 (using CMS data)

20 25 3.0
MWR [TGV]
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Extended Gauge Sectors :

Excesses @ 2 TeV

» Excesses in other
resonant searches
around 2 TeV

o WW, ZZ or WZ

* up to 3.40 @ ATLAS
(hadronic)

* Nno excess in semi-leptonic
ch. lvj

o HW
« 20 @ CMS (leptonic)
- tension with hadronic ch.
° JJ
- small excesses @ ATLAS
and CMS (1.55,1.90)
- tension with tb channel

Brehmer, Hewett, Kopp, Rizzo,
Tattersall, arXiv:1507.00013

University College London

CMS,L=19.7 fb", (s =8 TeV = . . .
— Obeerved = 10°= aTLAS —o— Observed 95% CL
N | i
= [ Expected (68%) || | = [ s=8TeV, 203" o Expected 95% CL
3
2 I Expecied 09 ; 10 E I:I + 5 uncertainty
— W' - WZ E
N ¥ E I:l + 26 unceirtainty
s 10° 5 1)
X E — EGMW c=1
T
é T S
2 T 10=
o 10° 2 E
x =2 L
©
o 1=
10° E
1 - - L L 10—1‘ 1 1 1 1 1
1 1.5 2 25 3 14 16 18 2 22 24 26 28 3
Resonance mass (TeV) my [TeV]
0 e e 2T @ Te0 | [ CMS preimiayericomoines 197 b @ TeV)
CMS ® Data(ev E F ; !
Preliminary E W+ets [ —@—— FullCL, Observed
—— W HVT B(gv=3) [ [SSSSssssssss] Full CLg Expected + 1o
E \WWWZ H o cermereemeees Full CLg Expected + 20
@ Top HVT B(gy=3):xsec,, * BR(W — WH)
B Uncertainty E = [ LH model:xsec,,. * BR(W — WH)

Events / ( 100 GeV )
G 450" BRIWSWH) (pb)

10—1: " \

102k

27500 1000 1200 1400 1600 1800 2000 2200 2 10°%00 000 1500 2000
M, (GeV) My (GeV)
Process Fitted cross Upper bound
section [fb] (90% CL)
pp— X = W2 59152 13.7
pp— X = 27 55151 12.8
pp— X - WH 4.5%53 17.0
= X = jj 0175 170
pp— X —th 0! 38
pp — X — th (without ATLAS bblv [13]) 0t 60

Frank Deppisch | Neutrinos and Collider Physics | 21/07/2015




Extended Gauge Sectors
Excesses @ 2 TeV

» Combined interpretation
in effective LR model 2.5
o a(pp » Wg) X Br(Wy » WZ)

3.0

o a(pp - Wg) X Br(Wy » WH) |20

> a(pp » Wg) x Br(Wg - jj) = .

o a(pp » Wg) x Br(Wr - Ne) X | &
Br(N — ejj) = 0.8+ 0.6 fb =

-
o

» Model parameters
° my, =19 TeV
° my = 1.6 TeV
> gr/g.: Ratio of SU(2)r,
gauge couplings
° sin y,: W — Wi mixing angle —
> sinfy = 0: v — N mixing angle preliminary

O
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—
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University College London

Baryon Asymmetry
Leptogenesis

» Classic Scenario
> Generation via heavy neutrino decays
> Competition with LNV washout processes
> Conversion to baryon asymmetry

- EW sphaleron processes at T ~ 100 GeV
* Observed asymmetry

Np —Np
ng = % = (6.20 + 0.15) x 10710
14

i A

» What if we observe lepton number

violating processes at the LHC or T T
in Ovvp? H " r
i g4 fl
N > <Q N A'
87 Y f ___f_-l_@_—
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Baryon Asymmetry :

University College London

Constraint on High-scale laryogene5|s

» Compare LHC cross section
with lepton number
asymmetry washout

MpMy Ki(Mx/T)
T*  fa,q,(Mx/s)

I
?W >3 %1073 X (s oLHC)

o [fb]

> Lower limit on total washout rate

> Observation of LNV @ LHC
corresponds to highly effective
washout I, /H > 1 10~

> Excludes baryogenesis models O Hare Hirsh S o 43
PRL 112 (2014) 221601 My [TeV]
that generate asymmetry
above MX q; 84 fl
X ' I
81 8,
gy
! N7
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Baryon Asymmetry
Synergy with Ovgp and LFV

LNV effective operators are of I FFD, Harz, Hirsch, Huang, Pas
mass dimensions 5, 7,9, 11, 10 I -4 T
» Ovfp sensitive to operators at scales joi2. N future
TO7PF ~ 1025yr > m, ~ 0.1 eV > Ag ~ 10'GeV | 0102: current :
TP ~ 10%5yr - Ag ~ 1 TeV > 108?’ 0vBp LFV
~  F 3
» LHC can deep-probe anatomy 105% :
of LNV operators at TeV scale l
» Observation of LNV and LFV would 104 S
- give information at what temperatures [I T
operators are in equilibrium 102-Ew5cale i
> can provide strong constraint on E , ;
baryogenesis models and falsify high- Os 0; Oy On Ouy Ow, Oueqqr

scale scenarios
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C O n C I u S i O n University College London
High Scale Baryogenesis OvBB Decay
¢ » R\
' Mass New
LN C Mechanism Physics
* 4/
If O(vBB LNV @ LHC
Mass Mechanism Low Scale
* Baryogenesis
e | Very probably: Also detectable @ LHC?
High scale origin of m,, "9 for 1"
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